4. The response of various biochemical measurements was dependent on the tryptophan intake and the changes were marked below and above the requirement level of tryptophan.
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3 The diet given to group 2 contained 1-2 g L-tryptophan/kg. 1 The diets given to groups 4, 5 and 6 contained 06, 1.2 and 2.4 g L-tryptophan/kg respectively.
Nicotinic acid was added to the diet at a level of 40 mg/kg. Group I rats were fed ad lib.
and group 2 rats were individually pair-fed with rats of group I . Likewise, rats belonging to group 3 were fed ad lib. and those of groups 4,5 and 6 were pair-fed with these rats.
At the end of 6 weeks of feeding, the rats were placed in metabolic cages and urine collected from each rat on three consecutive days in toluene and acetic acid. Rats were then killed by decapitation.
Male and female adult rats on stock diet weighing approximately 150 g each were used in the short-term experiment. L-tryptophan 500 mg/kg body-weight dissolved in warm (37.5") normal saline (9 g sodium chloride/l) was injected intraperitoneally to one group of rats. Each rat was injected with 4-5 ml of the solution. The other group injected with a similar volume of saline served as controls. At 4 h after the injection the rats were killed.
Analytical methods. A sample of liver (approximately 0.3 g) was homogenized with 10 vol. cold trichloroacetic acid (100 g/l), the homogenate filtered and nicotinamide nucleotides in the filtrate estimated fluorometrically by the alkali-ketone condensation method of Levitas et al. (1947) .
Liver was homogenized with g vol. 0.14 M-potassium chloride at 2" in 00025 Msodium hydroxide in a glass-teflon homogenizer. The homogenate was centrifuged for 2 min at 600g and the supernatant fraction used for the assay of tryptophan oxygenase activity according to the spectrophotometric method of Knox as described by Chiancone (1965) .
Liver or kidney was homogenized in a cold room with 2 vol. 0.14 M-KCl for 3 min, the homogenate centrifuged at 2' for 2 0 min at 20000 g and the superantant solution treated with charcoal (I 50 g/l enzyme solution) for 5 min. The charcoal was subsequently removed by centrifuging at Ioooog at 2". This preparation was used'for the assay of quinolinate phosphoribosyltransferase, nicotinate phosphoribosyltransferase and picolinate carboxylase activities. Quinolinate phosphoribosyltransferase activity was assayed by the microbiological method of Nishizuka & Nakamura (1970) with Lactobacillus arabinosus (ATCC 8014) as described by Ghafoorunissa & Narasinga Rao (1973) . Nicotinate phosphoribosyltransferase activity was determined according to the method of Ikeda el al. (1965) except that 40pmol sodium fluoride was added to the incubation mixture to minimize the 5'-phosphoribosyl-I-pyrophosphate breakdown (Ismande, I 964). The product formed, nicotinic acid mononucleotide, was separated from the substrate nicotinic acid, on a Dowex 50 x 2 H + (200-400 mesh) column (0.5 x 2 cm) as described previously (Anasuya & Narasinga Rao, 1975) . Labelled nicotinic acid used as the substrate was completely retained on the column and only the nucleolides were eluted. Protein concentration in the enzyme preparations was and Table I. 3 NaMN, nicatinic acid mononucleotide.
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estimated by the method of Lowry et al. (1951) using bovine serum albumin as the standard. Urinary metabolites. Urinary quinolinic acid was decarboxylated to nicotinic acid by autoclaving with glacial acetic acid (17 M) for 2 h at a pressure of 103.4 kN/ma (Henderson, I 949) and nicotinic acid was estimated by the microbiological method using L. arabinosus as the test organism (Freed, 1966) . The difference between nicotinic acid before and after decarboxylation was taken as the amount of quinolinic acid in urine. N'-methylnicotinamide was estimated fluorometrically using alkali-ketone condensation method of Carpenter & Kodicek (1950). Creatinine in urine was determined by Folin's method as described by Oser (1965).
Statistical analysis. Statistical analysis of results was carried out by analysis of variance. For this purpose only groups I, 2, 3 and 5 which forms a 2 x 2 factorial experiment were considered. The experiment was originally planned with equal number of animals (ten) in each cell. At the end of the experiment there was found to be some loss of observations in cells which is essentially random (in no way related to experimental variables). Hence the data was analysed by 2 x 2 factoral experiment by the method of unweighted means (Winer, 1974 )-Summary of analysis of variance tables are presented with the level of significance for mean sum of squares due to protein, tryptophan and interaction.
RESULTS
Levels of liver nicotinamide nucleotides and enzyme activities in liver and kidney of rats fed diets containing two levels of protein (25 and 100 g/kg) and two levels of tryptophan (03 g and 1.29 g/kg) are shown in Table 2 .
Liver nicotinamide nucleotides levels and tryptophan oxygenase levels increased while quinolinate phosphoribosyltransferase activity decreased with increase in tryptophan level in the diet at both the levels of protein. Analysis of variance of the results indicated that the level of tryptophan in the diet had a significant effect on liver nicotinamide nucleotides and on tryptophan oxygenase and quinolinate phosphoribosyltransferase activities. However, the influence of dietary protein level was significant only in the case of tryptophan oxygenase. The interaction between tryptophan level and protein level was not significant with any of these. Nicotinate phosphoribosyltransferase activity in liver and picolinate carboxylase activity in kidney remained unaltered at both protein levels with different tryptophan concentrations in the diet.
At adequate protein levels (100 g/kg) on increasing the tryptophan level from 0.3-0-6 g/kg significant increase was observed only in the levels of liver nucleotides (726.1 -l16.63 SE pg/g wet liver) and tryptophan oxygenase activity (61.5&5.40 pmol kynurenine formed/h per g wet liver). At this protein level an increase in tryptophan level from 1.2 to 2.4 mg/kg did not cause any change either in the nicotinamide nucleotides or in any of the enzymes.
Urinary excretion of quinolinic acid and N'-methyl-nicotinamide in rats given different levels of tryptophan (0.3 g and 1-2 g/kg) at two protein levels (25 g and 100 g/kg) are given in Table 3 .
Analysis of variance of urinary excretion results indicated that the effect of increasing tryptophan level or protein level in the diet on the excretion of these two metabolites was highly significant. The interaction between tryptophan and protein levels was also significant.
Quinolinic acid excretion increased with increase in tryptophan level in the diet. At the corresponding tryptophan levels in the diet excretion of these metabolites was higher on a protein restricted diet (25 g/kg) than on adequate protein level (roo g/kg). However, increase in quinolinic acid excretion was more striking when tryptophan concentration was increased from 0.3 g to 1-2 g/kg on a protein restricted diet.
On a protein restricted diet N-methylnicotinamide excretion increased markedly when tryptophan concentration was increased from 0.3-1.2 g/kg diet. On the other hand in rats given an adequate protein diet when tryptophan level in the diet increased, N-methylnicotinamide excretion decreased. At the adequate protein level when dietary tryptophan level was increased from 0 3 to 0 6 g/kg diet a significant alteration was found only in the excretion of N'-methylnicotinamide (14.oA2-09 pg/g creatinine). However, when tryptophan level in the diet was increased from 1-2 to 2.4 g/kg both quinolinic acid and N'-methylnicotinamide increased markedly (19.1 f 1.95 and 61.2&8.12 pg/g creatinine respecthrely), but levels did not reach anywhere near the levels observed in the protein restricted group. Excretion of nicotinic acid was not affected either by the protein level or by the tryptophan level.
Tryptophan injection brought about an increase in tryptophan oxygenase activity and in liver nicotinamide nucleotide levels, but liver quinolinate phosphoribosyltransferase activity remained unaltered (Table 4 ).
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It was reported earlier that activity of liver tryptophan oxygenase increased and that of quinolinate phosphoribosyltransferase decreased when protein level in the diet was increased (Satyanarayana & Narasinga Rao, 1977) . These alterations in the activities of these two enzymes in response to changes in dietary protein level could be attributed either to the effect of protein per se or to the consequent changes in the levels of tryptophan in the diet. Results presented here show that increasing the dietary tryptophan level increased tryptophan oxygenase activity in liver, indicating that it was the tryptophan concentration in the diet that brought about the changes. Changes in dietary tryptophan concentration in the diet did not significantly influence liver nicotinate phosphoribosyltransferase and kidney picolinate carboxylase activities. Tryptophan oxygenase is an adaptive enzyme which is known to be induced by its own substrate (Knox & Mehler, 1951 ; Feigelson & Greengard, 1962) and by corticosteroids. This enzyme is also under the feed-back control of the end products, NADH, NMN , 1967) . The development of this enzyme in the young rat has been shown to be under glucocorticoid control (Roper & Franz, 1977) . The present observation that tryptophan oxygenase activity increased with increasing dietary tryptophan level or with injection of tryptophan is consistent with the substrate inducible nature of this enzyme. However, results obtained in the present study demonstrate that dietary protein must be adequate for the optimum response of the substrate induction of tryptophan oxygenase. At low levels of dietary protein, the increase in this enzyme, in response to dietary tryptophan was not significant, suggesting that the substrate available for enzyme induction is limited on a low protein intake.
An important observation of this study is that the level of quinolinate phosphoribosyl activity can be altered by changing only the tryptophan level in the diet keeping the level of other amino acids (i.e. dietary N) constant provided the dietary protein level is not very low. It must be pointed out however that this effect of tryptophan is unlike the effect of dietary excess of leucine on this enzyme reported earlier (Ghafoorunissa & Narasinga Rao, 1973) . In the instance of leucine, excess of this amino acid (30 g/kg) had to be added to the diet over the normal amounts of leucine present in the protein of the diet to cause a decrease in the level of this enzyme. But in the instance of tryptophan varying its level within the levels normally present in dietary proteins affected this enzyme.
Tryptophan, the first substrate in the chain of reactions leading to synthesis of nicotinamide nucleotides, thus controls the activity of quinolinate phosphoribosyltransferase which catalyses the conversion of quinolinic acid to nicotinic acid mononucleotide. This observation appears to be unique, since it is rare to observe an enzyme decrease with increase in level of a distant substrate. Chatagner (1964) reported that L-cystine sulphate decarboxylase (EC 4 . I . I . 29) decreased with an increase in the concentration of either protein or cystine in the diet.
The manner in which dietary tryptophan regulates the activity of quinolinate phosphoribosyltransferase is at present not clear. Although prolonged feeding of a high level of tryptophan in the diet reduces the activity of this enzyme level measured in vitro it was not affected during the few hours following intraperitoneal injection of tryptophan. This observation rules out any possibility of direct effect on this enzyme of either tryptophan or its metabolites. It also precludes any feed-back inhibition of this enzyme by NAD which increased following tryptophan injection. However, the possibility of this enzyme being affected in vivo by tryptophan injection needs to be considered. But, the fact that NAD levels increased significantly following tryptophan injection in fact suggests that the in vivo activity of this enzyme also may not have been affected following tryptophan injection.
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Another interesting observation in the present study was that the response of the biochemical measurements studied was related to the level of tryptophan in the diet. At roo g protein/kg level, the response of liver nicotinamide nucleotide level, tryptophan oxygenase and quinolinate phosphoribosyltransferase activities to dietary tryptophan were almost linear up to a dietary tryptophan concentration of 1.2 g/kg diet beyond which these measurements were not markedly affected. On the other hand, excretion of quinolinic acid and N'-methylnicotinamide did not alter up to 1.2 g tryptophan/kg diet providing 100 g protein/ kg which represents the requirement of this amino acid for the rat (Rama Rao et al. 1959) . While the response of the two enzymes to the changes in tryptophan intake was linear below the level of its requirement, the excretion of urinary metabolites, quinolinic acid and N'-methylnicotinamide representing disposal of tryptophan did not substantially alter below the requirement level but increased markedly when tryptophan intake wes above the requirement level. Young et al. (197 I ) reported in human subjects that plasma tryptophan concentration increased sharply when tryptophan intake was increased above the requirement level. They suggested that the response of plasma levels of tryptophan can be used as a biochemical test to determine the tryptophan requirement in man. Our study suggests that estimation of urinary excretion of quinolinic acid and N'-methylnicotinamide may be useful in assessing the tryptophan nutritional status and its requirement.
